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ABSTRACT
Evidence is presented that ﬁhere are at least two states near
1.4 GeV which decay to KKm. One is FE(1420), an axial vector, and
the other is G{(1440), probably a pseudoscalar. The pseudoscalar

is likely to be a glueball.






The discovery of gluonium states would be dramatic confirmation of
Quantum Chromodynamics. But their identification is an extremely chal-
lenging problem, because of the usual experimental difficulties of meson
spectroscopy in the likely 1-2 GeV region, compounded by our inability to
predict reliably the dynamical properties which might provide useful
experimental signatures}‘ Lacking a reliable, detailed understanding of
the gluonium spectrum and dynamics, the experimental search can rely only
on the most generic features of the theoretical picture. One such prop-
erty is that gluonium states do not fit into qq multiplets. Another is
that their production is enhanced in channels which are vich in gluons.

Since the radiative decays ¥ =+ vX are dominated in perturbation
theoryz by ¢ = v + 2 gluonsg, they provide an excellent channel for the
search., The prominent appearance of a KKrn enhancement at 1440 MeV is
therefore very strikiag.3@5 It is produced at a rate comparable to the
other most prominent hadron in the channel, the n*(958). 1In contrast,
the E(1420), with which we are tempted to identify the 1440, has been an
obscure, difficult state to study in hadronic reactions. This contrast
provides prima facia grounds for examining the 1440 as a gluonium candidate.

A first examination is not encouraging. First observed in §p
annihilation at restsé E(1420) has been seen in recent high statistics pion
scattering experiments7’8 with a clear preference7 for iP =1, E(1420)
and D(1285) are then excellent candidates to be the I = 0 members of the
J = 1++ nonet. In addition, if the KK enhancement in P > vX Thas
J = l+9 then it cannot couple to two massless gluonss9 which further
undermines the rationale for regarding it as a gluonium candidate.

There is however an indication that the state observed in ¢ -+ yX
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is not the state seen in pion scattering. In ¢ - vX, 80+20% of the

(KKm) signal is reportedly5 due to 8m~KKw, whereas in pion scat-

1.44
tering7 K*K dominates, B(1,4~>K*K)/B(1,4~>K*K + 81~ KKm) = .86 +.,14,

Motivated by these considerations I have systematically reviewed the
experimental literature on the E(1420) meson. I have reached the follow-
ing conclusions:

(1) There are at least two ic = 0+ states near 1.4 GeV which
decay to KKw. The E(1420) has JP = l+ and decays primarily to K*KQ
The other state, which I call G(lééO),lO decays to KKwv and to nmm; both
these decays have substantial dJ&w components.,

(2) The (ﬁKﬂ)lﬂé signals in ¢ -~ yX and in pp annihilation at
rest are predominantly G(1440), while those in 7 scattering (all with
P aB > 4 GeV) are predominantly E(1420). In pp annihilation above

threshold > .7 GeV) there is substantial production of G and E.

(Prag -
(3) E(1420) is the dominantly ss member of an ideally mixed nonet

containing the A,, D, E, and Q (appropriately mixedll)°
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(4) Although the spin-parity of G is not as clearly determined as
that of E, all available evidence favors JP(G) =0 .

(5) G(1440) is unlikely to be a qq meson. The most likely
possibility is that it is predominantly a glueball, perhaps with an
appreciable qq component.

These conclusions are based on an examination of the experimental
literature, which is briefly summarized below and will be presented in

detail elsewhere. The evidence for two states is based on four cate-

gories of experimental results:



(&) nrmw decay: the R signal is seen in all processes (w7’8l2913

56914“19 scattering and ¢ - yXBWS) but the nww signal is seen only

1,12

and
; - q s , 20 4,5 , . 2
in pp annihilation™ and ¢ - ¥vX, not in 7 scattering. This is
not an experimental artifact: the T7p experiments which do not see an
(nWﬂ)l 4 signal are exceedingly sensitive, far more sensitive than the p
and Y -~ yX measurements which do. For instance, the most sensitive mp
. 21 ' + - o e

experiment”  observes 3000 n' > nw n  decays and no significant (nﬂﬁ)l 4

. . - , 20 . 4+ -
signal, while a p experiment™  with only ~ 100 observed n' =+ nm n

. = -+ - .

decays reports a signal in pp=¢1ﬁw (nm w )l 4 with ¢ = 275 % 50ub.

b2

There is also an indication of a signal in ¥ %-y(nw+ﬁ§) largely

1.4°
in ¢ =+ vydv » ynuwy the number of events is comparable to the 10-15

+ -
events observed for Y -+ yn'® > ynw T .

(B) Dalitz plots: because of kinematical overlaps the &7 and

K*K branching ratios cannot simply be extracted from KK and Kr mass
histograms. An overall fit to the RKKn Dalitz plot is essential. The
Mark II Dalitz plot3 is enhanced toward the § region. There are events in
the K* region but they neither form uniform hands (as they would if the
1.44 had spin 1) nor bands which grow toward the boundaries from central
nodes (as for spin 0). An analysis of these features yielded the results
that 80 * 20% of the KKr signal is due to 6w. In contrast, the
Dalitz plot obtained from = scattering at Prag = 4 GeV 1s dominated by
uniform (except at the point of overlap) K* bands, with the K*K signal
at least six times larger than &n > ﬁKﬂ,7 The only other published
Dalitz plot, from Sp annihilation at restslg resembles the Mark IT plot:

- %
a KK threshhold enhancement and no complete X  bands (no over-all



. . . 2
fit was made in this case).

) JP determinations: the analysis7923 of the Dalitz plot obtained

+
from wp scattering gives strong evidence for JP = 1, The high statis-

tics experiment6 which first discovered the E/G in pp annihilation at

rest favored JP = 0, based on analyses of the KKm Dalitz plotz4 and

also on the angular distribution of § with respect to WOW in

- 00 00 , ] R ,

pp * o (L.4) » n'n (&), The latter evidence is very convincing if

J(waﬂo} = 0 as assumed; this is very likely since J = 2 4is the next

possibility and Q is only 170 MeV. Results from pp annihilation
16-18 +

above threshold are inconclusive, favoring J? = 0 and/or 1.

(D) Production of D(1280): a long standing puzzle in the history

of E(1420) is the absence of a D(1280) signal in pp annihilation at rest,

although D is typically produced (roughly 5 tine525926) more copiously

7,12,13 4-17

. . = ‘1 1 .
than E din 1p scattering and in pp annihilation with

P1AB = .7 GeV. The greater cross section for D is consistent with the
hypothesis that D and E are the nearly ldeally mixed isoscalars of
the JPC = l++ nonet, also supported by the small branching ratioZ6 for

D ~ Kk (much of which may be D » &1 - KKm and therefore not attributable
to an ss component in D) and by the recent definitive high statistics,

nondiffractive observation27 of the Al with m, =m, as expected for
1!

ideal mixing. The striking absence of a D signal in pp annihilation
at rest6’19 then suggests that the (ﬁKn)leé signal which is observed
there is not the E. Similarly there is no evidence for ¢ - vyD,

though ¢ - yX dis dominated by X in the SU(3) singlet328 so that

with ideal mixing we expect T(y - yD) =20 (¢ - vE)., This is just at the

6,19



edge of being excluded by the upper bound3 on ¢ + y(KKm) but a still

1.28°
stronger constraint follows from the absence4 of a D signal in ¢ - ynuw
(since26 B(D » nmw) = .5).

This entire pattern of Observations is compatible with hypotheses
(1, (2), and (3). 1In pion scattering the absence of (ﬂﬂﬂ)1949 the
dominance of K*K in (ﬁKﬂ)1°4’ the result JP = l+, and the large D
signal all indicate E production. But in ¢ =+ v¥X, the indication of
(ﬂﬂﬂ)leé with a sizeable &n component, the dominance of &n in (EK"ﬁﬁﬁ
and the absence of D (especially in nnwn) all suggest G production.
In gp anmihilation at rest29 the preference for J? = 0, the striking
absence of D and the evidence for a sizeable &r = KKnm component again
suggest G production. Finally, in pp annihilation  with pLAB;BJGeV9
the presence of both D and (nww)lsé and the inconclusive nature of the
JP analyses suggest that both E and G are substantially produced.

What is the spin of G?7 The most direct evidence is the result
JP = 0" in pp annihilation at rest,6 This is also comsistent with the
following considerations:

a) In lowest order QCD, the principal partial waves in ¢ -+ vX

arego JP(X) = 0, O+5 2+° G has abnormal JP gince G - 8w, so only

0 is possible,

O+ the

il

b) In pp annihilation at rest into Xwm with EC(X)
final state may be pure s-wave only if JP(X) =0 . For my = 1.42 Gev
or 1.28 GeV, (Q is very small and the relative inhibition of the p-wave

is appreciable. The assignments JP(G) = 0 and JP(E) = JP(D) = 1+

could then provide a kinematical explanation for the suppression of D



and E.

¢} The &n decay is favored if JP(G) = 0 since it is then the
only open two-body, s-wave channel (like K*K for E if JP(B) = l+)°31

d) 1If JP(G) = 0, helicity conservation enhances the amblitude
for G+ ss over G - uu + dd. The ss quarks materialize as KKn in
an s-wave, which some fraction of the time appears as &n by final state
interaction. This enhances the &n yield and the nonresonant KKg final
state.

If we suppose (G is distinct from E and JP(G) = 0, how can we
decide if G 1is a glueball? If it is not a glueball, then it is most
likely to be a radially excited qq meson. There are already two
excellent candidates for an excited JPC =0 + nonet, K'(1400) and
£(1275) (¢ 4s named in honor of the ZGS, R. I. P. - it is called
n(1275) in the data card listings of ref. (26)). The ¢ was observed
in a partial wave analysis of 7 p - ¢n - nq#wmn, in the very sensitive
TP experimentz1 which did not see a significant nnrm signal near 1.4 GeV.
We might hypothesize that G and ¢ are the two isoscalars in the nonet.

However this hypothesis is not tenable, regardless of the SU(3)
mixing angle between G and ¢. The crucial facts have been presented
above: a) dn wp scatterinng r + nnm is strongly present but there
is no significant signal for G -~ nrrm while b) in ¢ > ¥yX G is
strongly present in KKn and indicated in nmm but there is no indication

of ¢ in RKr nor, most to the point, in nmm.,”*

To explain
28 e . .
T(p > yG) = T' (Y » yr) we need to assume  singlet-octet mixing, similar

to that of n and n'. But then we expect



o(n p > n6) ~olrp+nn')
ol{r™p =+ ny) o(r™p - nn)

which is badly violated. At Piag = 8 GeV the right side is’“%~ while

the left side must be much smaller°32 To accomodate a small value for the
left gide we would need to invoke ideal mixing with & gs. But then we
would expectzg Ty = vg) =21(p » y6) and, even worse, I'(Yy - yr - ynum) >
'y > yG » ynmn), since nwr would be an 0IZ suppressed decay of G.
G is unlikely to be the T = 0 partner of z.

There is a variety of additional information bearing on whether G
is a Eq state. The rates for G =~ yy and G ~» py would berather large
if ¢ were a qq mescn,?)3 And, of course, if ¢(1275) were confirmed
and an acceptable 1 = 0 partner found for it, that would exclude G
from the nonet. There is a hint of a pseudoscalar near 1.4 GeV, seen in
05 scatteringGZI Since the peak is below 1.4 GeV and appears not at all
in 87 = naw but only in en ("e¢" here denotes a‘parameterization of
the I = J = 0 ddipion phase shift), it is unlikely to be the G. The
small magnitude of the signal would be explained if it were the predomi-
nantly ss member of the nonet. Like ¢ it would appear much less
strongly than G din ¥ » vX, but it might be part of the (fKﬁ)leé
signal in pp annihilation at rest, where an anomalously large width was
reporteds6 "= 80 + 10 MeV., This could be tested by comparing the nuw
and KK decay channels. (It is clear from the proliferating qq
spectrum alone, that the 1-2 GeV region may have many overlapping
resonances.)

What about evidence that G 1s a glueball, as opposed to evidence

that it is not a q¢qq meson? If € were prominent in another,



essentially different hard gluon channel, the case would become quite con-

vincing. Gluon jets are a good place to look. Just as the leading part-

icle in a charmed quark jet is a charmed hadron, glueballs may frequently
appear among the leading particles of a gluon jet°34935 Quarkonium
decay5935 and low thrust e+e“ annihilations in the continuum are good
sources of gluon jets. It would be highly suggestive if there were again
an enhanced G signal in this class of events.

Conclusion: it appears that there are at least two states in the

1.4 GeV region which decay to KKr and that one may be a glueball. These

conclusions can be tested with increased statistics in ¢ =+ y¥X:; with

higher energy e+e“ collisions at CESR, PETRA, PEP and the coming
generation of Z factories; and with high statistics pp studies at LEAR.

A more complete presentation of this analysis and of the future experi-

mental tests is in preparation.
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